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Rasmussen encephalitis (RE) is a disorder characterized by drug-resistant seizures and progressive
unihemispheric atrophy, hemiparesis, and varying degrees of cognitive decline. The pathophysiology of RE re-
mains elusive, with hypotheses suggesting underlying autoimmune- and T cell-mediated processes. In this
case report, we describe a single patient's clinical course from the first day of presentation until definitive treat-
ment for atypical Rasmussen encephalitis at a tertiary care pediatric center. The patient exhibited several atypical
features of Rasmussen encephalitis, including a posterior predominance of initial seizure onsetwith the develop-
ment of severe choreoathetosis and ipsilateral cerebellar atrophy. He subsequently developed coexistent autoim-
mune disorders in the form of psoriasis and uveitis, and underwent multiple forms of immunotherapy with
limited benefit.
This patient shows an association of RE with other autoimmune conditions supporting an autoimmune mecha-
nism of disease while exhibiting several atypical features of RE. Rarely, occipital lobe seizures have been docu-
mented as the presenting semiology of this syndrome. This case highlights the need to be mindful of atypical
features that may delay hemispherectomy, which remains the definitive treatment. It also suggests that children
may be predisposed to the development of autoimmune disorders in later stages of the disease.

© 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rasmussen encephalitis (RE) is classically characterized by progres-
sive, frontally predominant, unilateral hemispheric atrophy with corre-
sponding focal neurological deficits and drug-resistant focal motor
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seizures [1,2]. Movement disorders and non-motor seizures asmanifes-
tations of RE have been reported, but only rarely [3,4]. Cerebellar atro-
phy contralateral to the affected cerebral hemisphere may occur, and
ipsilateral cerebellar atrophy rarely has been reported [5].

Based on the pathological findings of a T-cell predominant encepha-
litis, various forms of immunotherapy have been used but with limited
success, often leading to hemispherectomy for seizure control [6–10]. In
addition to the pathological findings, the co-existence of autoimmune
disorders is rare and has strengthened the autoimmune hypothesis
[4,11–13].

Here, we present a patient with RE to highlight several noteworthy
atypical features. These features include posterior predominance of
the early seizure onset, slow progression to hemispheric atrophy, ipsi-
lateral cerebellar atrophy, severe choreoathetosis, failure of immuno-
therapy (including rituximab) to control seizures, and the subsequent
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development of psoriasis and uveitis affecting the eye ipsilateral to the
affected hemisphere.

2. Case report

Following normal birth and development, a 6-year-old boy had a
focal to bilateral tonic-clonic seizure, which initially started with vi-
sual phenomena, leftward eye deviation, and preserved conscious-
ness. Family history was significant for maternal inflammatory
bowel disease, paternal psoriasis, and multiple sclerosis in the ma-
ternal great uncle. Physical exam showed left hemi-ataxia, which re-
solved by 48 h after the seizure. Electroencephalography (EEG)
revealed right occipital and parietal slowing while a brain MRI and
MRA were normal. Seizures recurred 15 months after the first sei-
zure. His seizure semiology at that time consisted of visual
Fig. 1.Continuous right posterior quadrant seizures. This is an A-P longitudinal bipolarmontage.
arrow. Fig. 1b shows a buildup of activity with fast spikes having a maximum negativity at O2
continued evolution depicted by the red arrow.
phenomena of multicolored formed images (described by the pa-
tient as “beach balls”) lasting for 30 s to 1 min, at times longer, ac-
companied by nausea and followed by limpness and leftward eye
deviation. Seizures were occurring at first weekly with waxing and
waning periods of seizure control, but soon became daily after the
first 6 months of treatment, at which point care was transferred to
an epileptologist. Over the next 2 years, his seizures became drug-
resistant to several anti-seizure medications (ASMs), including leve-
tiracetam, oxcarbazepine, valproic acid, zonisamide, topiramate, and
diazepam. Long-term EEGmonitoring was performed 6months after
treatment started, initially showing 9 to 28 seizures per day. The se-
miology remained the samewith stereotyped visual phenomena and
remained focal. The seizures were mostly electroclinical with occa-
sional exclusively electrographic seizures both with onset in the
right posterior quadrant accompanied by right occipital slowing.
The top Fig. 1a shows semi-rhythmic right posterior quadrant slowing depictedby the blue
depicted by the green arrow. Fig. 1c shows spread to the posterior temporal region and
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Three years after the initial presentation, the patient had almost con-
tinuous visual phenomena. His parents noted increasing left-sided
clumsiness and gait abnormalities. Physical exam was notable for left-
hand tremor. Despite treatment with valproic acid and topiramate, an
EEG showed nearly continuous partial seizures with a maximum in
the right posterior quadrant (Fig. 1). Accordingly, fosphenytoin was
given acutely and added to the medication regimen temporarily with
modest effect.

EEGmonitoring at age 11 years showed increased seizure frequency
to approximately 4 to 5 seizures per hour, with 25% having clinical cor-
relate. The patient subsequently developed left-sided high amplitude
choreoathetoid movements, suppressed only by sleep, without clearly
associated epileptiform changes on EEG. Brain MRI was again repeated
and showed subcortical and gyral T2 prolongation with gyral swelling
in the right temporal, parasagittal, parietal, occipital lobes, and right
pulvinar without caudate involvement (Fig. 2). There was also right
cerebral and cerebellar volume loss (Fig. 3). His ASMs were changed
to lacosamide and phenobarbital. Repeat prolonged EEG revealed
electrographic seizures arising more anteriorly in the right parasagittal
and superior frontal regions, in addition to the right posterior region.
There were now multiple right hemispheric spikes in all quadrants.
Extensive diagnostic testing was notable for a positive antinuclear
anti-body (titer 1:160); however, inflammatory markers (erythrocyte
Fig. 2. Right occipital lobe cortical and subcortical T2/FLAIR hyperintensity and gyral swelling
subsequent images (right). The blue arrow depicts T2 prolongation in the right posterior tem
red arrow pointing to the same area of abnormality.
sedimentation rate [ESR] and C reactive protein [CRP]), complement
levels, and other tested autoantibodies that included anti-double
stranded DNA, anti-Smith, and endomysial and anti-deamidated gliadin
IgA and IgG antibodies were normal. Cerebrospinal fluid (CSF) analysis
showed 5 WBC/mm3 with normal glucose, protein, and lactate levels.
Infectious studies included normal culture and gram stain, in addition
to PCR for HSV, EBV, CMV, and enterovirus. The CSF IgG index was ele-
vated at 2.46 (normal 0.28–0.66), and 12 CSF-restricted oligoclonal
bands were noted. B cells comprised 15% of the lymphocyte gate on
CSF flow cytometry. Serum and CSF autoimmune epilepsy panel
were negative. This included CSF anti-neuronal nuclear antibody
type 1 (anti-Hu), anti-glutamic acid decarboxylase 65 and anti-N-
methyl-D-aspartate receptor antibodies. Targeted mitochondrial muta-
tion analysis for mitochondrial encephalomyopathy, lactic acidosis,
and stroke-like episodes (MELAS) tRNA Leu gene and POLG-1 analysis
were unrevealing.

Based on the presence of drug-resistant epilepsy, progressive course,
and progressive MRI findings, the patient's differential diagnoses in-
cluded RE, small vessel CNS vasculitis, and a systemic inflammatory
condition with CNS involvement. He was given intravenous immuno-
globulin (IVIG) 2 g/kg over 2 days, followed 1 week later by 5 days of
intravenous methylprednisolone 1 g daily. Starting two days after com-
pletion of the steroid course, 5 sessions of plasmapheresis were
. The top figure (Fig. 2a) is a T2 weighted axial image comparing the initial MRI (left) to
poral and occipital region. The bottom figure (Fig. 2b) is the axial FLAIR image with the



Fig. 3. Right occipital lobe gyral swelling and T2 hyperintensity (blue curved arrow) and ipsilateral cerebellar volume loss (red straight arrow). This is a coronal T2 weighted image
comparing the initial MRI (left) to subsequent images (right). The blue curved arrow depicts right occipital lobe gyral swelling and T2 hyperintensity while the red arrow depicts
ipsilateral cerebellar volume loss.
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performed without improvement. To clarify the nature of the patient's
condition, biopsy of the right occipital cortex and subcortical white
matter and overlying dura was performed. The biopsy was consistent
withmeningoencephalitis with diffuse lymphoid andmacrophage infil-
trates, raremicroglial nodules, and gliosis. Therewas a predominance of
CD3 + T cells (CD8 N CD4) with admixed CD 20 + B cells. Immunostains
for cytomegalovirus, Epstein Barr virus, herpes simplex virus, and vari-
cella zoster virus were negative.

The patient was diagnosed with RE based on the constellation of
clinical, electrographic, and radiographic components of Part A and B
of the European consensus statement on RE [2,6,8]. This diagnosis was
also supported by the pathological findings. Following the biopsy, the
patient was treated with methylprednisolone 30 mg/kg/day for 5 days
followed by a prednisone taper starting at 40 mg once per day. Based
on a prior report and evidence of a CD20+ B cell population on the
biopsy, rituximab 375 mg/m2 weekly for four weeks was given [8].
Despite these treatments, the patient's seizures and choreiform move-
ments continued.

Functional hemispherectomy with deafferentation of the right hemi-
sphere was performed three months after the final dose of rituximab.
The pathologic specimen consisted of right frontal, lateral temporal,
hippocampus, and corpus callosum, and showed meningoencephalitis
with scattered microglial nodules, perivascular lymphocytes, and wide-
spread gliosis with no major differences compared to the prior biopsy.
Three months after hemispherectomy, there was no evidence of clinical
seizures or hemichorea. At 6 months following hemispherectomy, all of
the patient's ASMs were discontinued. EEG at that time showed numer-
ous right-sided electrographic seizures with frequent sharp waves over
the right hemisphere, without propagation to the left hemisphere or
clinical correlate. Examination was significant for the expected left hom-
onymous hemianopsia and left hemiparesis with ability to bear weight
and walk independently.

Prior to the procedure, a neuropsychological assessment was per-
formed and demonstrated poor nonverbal skills, problems with visual
perception and motor integration, difficulty with left-hand dexterity,
and social challenges consistent with non-dominant hemisphere dys-
function. Additionally, neurobehavioral deficits were seen in executive
function and impulse regulation, while he was found to struggle with
anxiety. The assessment was repeated 18 months after surgery, show-
ing continued struggles with executive function and working memory
but improved impulse control. The patient showed some improvements
across many language-based areas with stable neuropsychological
function.

One year after hemispherectomy, the patient developed psoriasis in-
volving the ears, popliteal fossa, gluteal clefts, and umbilicus. One year
later, the patient was found to have a right-sided, non-reactive pupil
with gray discoloration of the iris during a routine neurologic examina-
tion. Ophthalmologic evaluation showed evidence of chronic anterior
uveitis with 2+ cells and flare in the anterior chamber, posterior
synechiae, cataract, and decreased visual acuity in the right eye.
Rheumatologywas consulted andno other clinicalmanifestations of au-
toimmunity such as arthritis were noted. Laboratory studies were nota-
ble for an elevated ESR of 60 mm/h and CRP of 3.3 mg/dL. His anti-
nuclear antibody (ANA) titer continued to be positive at 1:80 while
antineutrophilic cytoplasmic antibody (ANCA), lysozyme, angiotensin
converting enzyme (ACE level), and HLAB27 antigen testing were neg-
ative. Infectious evaluation, including assessment for toxoplasmosis,
Toxocara, Bartonella, Lyme disease, and syphilis was unrevealing.
Given the patient's multiple manifestations of autoimmunity, there
was concern for an underlying immunodeficiency and a specific evalu-
ation of immune function was conducted. The patient had normal T
cell subsets, T cell proliferation tomitogens and antigens, and immuno-
globulin levels; however, his switched and unswitched memory B cells
were low, and his response to pneumococcal vaccines and tetanus was
marginal. Despite this extensiveworkup, the patient was not thought to
have a known rheumatologic or immunologic condition.

The uveitis initially responded to topical steroid drops applied every
2 h; however, the inflammation recurredwhen the frequency of the eye
drops decreased. Ultimately, remission of the patient's uveitis was
attained with oral prednisone 20 mg daily and mycophenolate mofetil
1000 mg twice daily.

The patient underwent cataract extraction and intraocular lens im-
plantation at age 12 years. Two months after surgery, recurrent inflam-
mation in the right eye was noted and mycophenolate 1000 mg twice
daily and oral prednisone was continued. The inflammatory markers
remained persistently elevated with a CRP of 4.32 mg/dL and ESR of
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63mm/h. Hewas subsequently admitted and received 1 g of IVmethyl-
prednisolone daily for a 3 day course. A brainMRI was stable. Infliximab
was added to the treatment regimen and titrated up 15 mg/kg every
3weekswith good response. He remains on prednisone 5mg daily, my-
cophenolate 1500 mg twice daily, and prednisolone eye drops. The pa-
tient continues to be followed closely by multiple services including
Epilepsy, Ophthalmology, and Rheumatology and continues to remain
seizure-free.

3. Discussion

Although the patient presented here ultimately met established di-
agnostic criteria for RE as the clinical course evolved, he alsomanifested
several unique and atypical features [2,6,8]. In this case report, we high-
light three main features. First, posterior seizures and a long prodrome
of focal epilepsy can be seen in RE. Second, movement disorders,
although rare, can be part of RE. Finally, patients with RE are at risk for
autoimmune disorders.We highlight these features to facilitate early di-
agnosis subsequently leading to early treatment of future cases in hopes
of ameliorating neuropsychological sequelae of frequent seizures and
failed antiseizure medication trials.

In this patient, the seizure semiology and electrographic and radio-
graphic findings were all consistent with a process that initially pre-
dominated in the occipital lobe. Occipital seizures are noted in atypical
adolescent- and adult-onset RE, but rarely in childhood-onset RE [14].
Radiographically, parieto-occipital atrophy may be seen in younger pa-
tients with more widespread hemispheric involvement, but frontal and
insular regions remain predominantly affected [15]. Pathologic changes
in RE are sparse in the occipital lobe compared to other regions [16].
Thus, while most cases of RE show a frontal predilection, occipital local-
ization and semiology should not necessarily dissuade clinicians from
the diagnosis of RE. Our patient developed cerebellar atrophy ipsilateral
to the affected cerebral hemisphere. Most previously reported cases of
cerebellar atrophy in RE describe its occurrence contralateral to the af-
fected cerebral hemisphere, which is explained by crossed cerebral to
cerebellar afferent inputs; however, rare cases of ipsilateral cerebellar
atrophy have been described [5,17,18]. Finally, this patient had a long
prodrome of focal epilepsy before his case declared itself as RE.
Prolonged time from disease onset to meeting criteria for RE has been
described, but is more typical in adolescents and adults than in young
children [11]. We highlight the early features in particular because
prior to developing seizures, hewas not suspected to have the neurobe-
havioral profile or deficits documented through standardized testing.
While an early diagnosis initially may not have led directly to hemi-
spherectomy, it might have been performed sooner, increasing the
chances of improved neurobehavioral outcomes.

In addition to the several atypical cranial manifestations of RE
highlighted, this patient also developed several unique extracranial fea-
tures. He developed a severe choreoathetoid movement disorder at the
time when seizures had become drug-resistant and the seizure onset
zone had spread from the occipital region to involve a larger region of
the right hemisphere. Our case adds to the small existing literature
documenting the occurrence of movement disorders in RE and further
supports the involvement of the basal ganglia [3,4]. Finally, he developed
uveitis ipsilateral to the cerebral hemisphere involved in addition todiffuse
psoriasis. This comorbid autoimmunity has been rarely described [12].

Taken together, the early, unusual features in our case made the
diagnosis of RE challenging until more typical features evolved
years later. Nonetheless, in the setting of drug-resistant epilepsy and
unihemispheric MRI abnormalities suggestive of an inflammatory pro-
cess, RE should be a leading consideration, beingmindful of these previ-
ously reported albeit rare features.

Despite a prior report and open-label trial that suggested potential
benefit of rituximab in RE, our patient showed no appreciable improve-
ment following its use [8,19]. While our case adds to the disappointing
record for immunotherapy in RE, it is possible that rituximab might
have beenmore effective if it had been used earlier in the disease course
or more time was given following its use. Alternatively, although rituxi-
mab may have secondary effects on T cell function. Therapies directly
targeting T cells or the innate immune system, which have been shown
to be key effector mechanisms in RE, may be more effective. Seizure fre-
quency was decreased with natalizumab in one case, and adalimunab in
5 out of 11 patients in an open-label pilot study [13,20]. However, as is
more often the case, immunotherapymay slow the progressionof cortical
atrophy or motor weakness without significant effect on seizure burden,
delaying definitive treatment with hemispherectomy despite ongoing,
drug-resistant seizures. This was noted in the only randomized RE trial
to date, comparing IVIG with tacrolimus to historical controls in which
patients experienced delayed deteriorationwith either agentwithout ap-
preciable seizure effect [21]. Overall, future multicenter immunotherapy
trials in RE with novel, early targets are needed.

Finally, in the setting of a family history ofmultiple autoimmune dis-
orders, our patient subsequently developed psoriasis and uveitis affect-
ing the eye ipsilateral to the affected hemisphere. Family history of
autoimmune disorders has been described in RE [22]. Uveitis has been
rarely described, with ipsilateral, contralateral, and bilateral involve-
ment [11,12]. We have also recently shown an association between nu-
merous systemic autoimmune conditions, including psoriasis, and
epilepsy suggesting potential shared mechanisms [23].

Autoimmune disorders with similar pathophysiologic processes are
known to affect different organ systems within individual family mem-
bers. This has been described in numerous conditions, specifically mul-
tiple sclerosis, a demyelinating conditionwith a presumed autoimmune
mechanism leading to T cell mediated inflammation. These observa-
tions support the concept of a shared genetic diathesis to autoimmunity
with additional “second hits” leading to specific disease expression. Un-
likemost other presumed autoimmune disorders, RE is strikingly unilat-
eral in its effects on the cerebrum. The occurrence of cerebellar atrophy
and uveitis ipsilateral to the affected cerebral hemisphere in our patient
highlights the unilateral processes involved in RE. In some cases of RE
such as ours, patients may inherit a genetic predisposition to autoim-
munity with a “second hit” leading to the peculiar unilateral disease
manifestations. This theory is supported further by our patient's devel-
opment of uveitis well after the brain involvement. This is in compari-
son to other reported cases of uveitis associated with this disorder in
pediatrics that occurred at the time of the progressive phase of RE
[12]. Further research is needed to identify both the underlying genetic
architecture of RE as well as potential “second hit” mechanisms
(trauma, viral infection, somatic mutations) underlying this phenome-
non. Awareness of atypical features of RE may lead to early immune-
based therapy and seizure-alleviating surgery when appropriate.
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